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Detailed protocol 


For sex-biased genes, we performed gene set enrichment analysis (GSEA) for a total of 32,112 gene sets comprised of TF targets, cell-type markers, 
disease, drug, hormone and immunological processes, and others. This collection includes 496 gene sets representing hormone synthesis and activity, 
reproduction, and sex differentiation. The file containing the gene set collection is provided herein (all_non_tfea_chip_genesets.modif.entrez.gmt.zip). Gene ids 
correspond to entrez ids. 

For each tissue, GSEA was performed as follows: 


1. X-linked genes were excluded, given the large differences in sex-bias effect sizes between X-linked and autosomal genes. 

2. For each tissue, we ranked genes by effect size and sex effect sign, creating ranked gene lists with female-biased genes at the top and male-biased 
genes at the bottom. 

3. The function fgseaMultilevel implemented in the R package fgsea (Ref. 1) was used for GSEA. Itis based on the adaptive multilevel splitting Monte Carlo 
approach, which enables exceeding the results of simple sampling and calculating arbitrarily small p-values. 

4. Enrichment p-values were corrected for inflation, based on estimated genomic inflation factor calculated for each of the tested gene set categories. 

5. P-values were corrected for multiple gene set testing and defined significantly enriched gene sets as those with Benjamini & Hochberg FDR < 0.25. 

6. A GSEA cross-tissue meta analysis was performed with Fisher's combined probability test, which enables identification of biological processes and 
mechanisms partially or totally shared across tissues. To take into account the sign of the enrichment in a particular tissue when combining p-values, the 
most abundant enrichment sign across tissues for a particular gene set was quantified, and the inverse of the p-value for the discordant-in-sign tissues 
was calculated and utilized for meta-analysis. Significant gene sets were defined as those with cross-tissue meta-analysis FDR s 0.05 (Bonferroni 
correction). 


Details of the gene set collection and results of the GSEA analyses are provided in Supplementary Materials text and Tables S7-9 (Ref. 2). 
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